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Synthetic Procedure
Synthesis of [Au 9 (PPh 3 ) 8 ](NO 3 ) clusters (Au 9 ). 1 To obtain Au 9 a three step procedure was followed.
First, PPh 3 (300 mg) was dissolved in ethanol (10 mL), followed by the addition of HAuCl 4 3H 2 O (200 mg) in ethanol (1 mL). The mixture was stirred for 10 minutes until a white precipitate appeared.
After filtering under vacuum and washing with ethanol, PPh 3 AuCl was obtained ( 31 P-NMR: 33.41 ppm). In a second step, to a solution of PPh 3 AuCl (160 mg) in ethanol (1 mL), AgNO 3 (180 mg) in ethanol (4 mL) was added, and the mixture was stirred for a few hours. After removing the precipitated AgCl by filtration, the solvent was removed under reduced pressure to obtain
PPh 3 Au(NO 3 ) as a white solid ( 31 P-NMR: 27.36 ppm). Finally, to a solution of PPh 3 Au(NO 3 ) (100 mg) in ethanol (5 mL), NaBH 4 (0.1 mg) was added and the mixture stirred for 10 minutes. The dark brown solution thus obtained was dried under reduced pressure, and the solid was purified by recrystallization in hexane to obtain [Au 9 (PPh 3 ) 8 ](NO 3 ) as dark green crystals ( 31 P-NMR: 55.62 ppm)
Synthesis of Chemical Modified Graphene with sulfur functionalities (GOSH).
2 GO (100 mg) was prepared via our adaptation 3 of the Hummers method 4 and dispersed in DMSO (50 ml) via sonication
(1 hr). The solution was placed under N 2 and stirred at room temperature before an excess of potassium thioacetate (10 mg) was added. The mixture was then heated to 50 °C for 5.5 hours. After being allowed to cool, HCl (1 M, 5 ml) was added to the GO mixture which was then immediately centrifuged and the solids collected. The solids were washed with acetone (20 minutes, x3), diethyl ether (10 minutes, x2) and distilled water (2 hours, x3) before being dried under vacuum at room temperature to leave a flaky black powder, GO-SH (69.7 mg). 
Synthesis of CMG-Au
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Raman spectroscopy
Raman spectra were collected on a Rainshaw 2000 spectrometer under 514 nm excitation.
Raman spectra of GOSH and GOSH@Au 9 show the G (~1600cm -1 ) and D (~1360cm -1 ) bands typical of graphitic materials. We would not expect to see much, if any, difference after anchoring the Au 9
clusters as this does not affect the graphitic nature of the material that is responsible for the Raman response.
Figure SI.3 Raman spectra of GOSH, (black solid line) and GOSH@Au 9 (black dashed line)
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X-Ray Photoelectron Spectroscopy (XPS).
The x-ray photoemission spectroscopy (XPS) data were collected at the Warwick Photoemission Facility, University of Warwick, more details of which are available at http://go.warwick.ac.uk/XPS.
The samples investigated in this study were deposited on to electrically-conductive carbon tape, mounted on to a sample bar and loaded in to a Kratos Axis Ultra DLD spectrometer with a base pressure of ~ 2 x 10 -10 mbar.
XPS measurements were performed in the main analysis chamber, with the sample being illuminated using a monochromated Al Kα x-ray source. The measurements were conducted at room temperature and at a take-off angle of 90° with respect to the surface. The core level spectra were recorded using a pass energy of 20 eV (resolution approx. 0.4 eV). The spectrometer work function and binding energy scale were calibrated using the Fermi edge and 3d 5/2 peak recorded from a polycrystalline Ag sample prior to the commencement of the experiments. The data were analysed in the CasaXPS package, using Shirley backgrounds and mixed Gaussian-Lorentzian (Voigt) lineshapes.
For compositional analysis, the analyser transmission function has been determined using Ag, Au and Cu foils to determine the detection efficiency across the full binding energy range. No signal for sulfur can be found for GO. In S2p XPS spectra, the signal corresponding to S-Au should appear at a binding energy of ~162 eV.
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Unfortunately, in GOSH the S-S signal also appears at around 162 eV, 2 thus hindering the identification of the S-Au bond by this means.
Figure SI.6 S2p spectra of 9(a) GOSH and (b) GOSH@Au 9
From the high resolution XPS scan the following atomic composition can be extracted. TGA was recorded on a Mettler-Toledo TGA/DSC1 system at a heating rate of 10 °C /min from 25-800 °C under air. Nevertheless, it should be noted that this value is approximated as no consideration is being given to the phosphine ligands and to the oxygen/sulfur groups present across GOSH. To an order of magnitude, we can say approximately one gold cluster per thousand carbon atoms, or 1 atomic % Au. -rotated by 15° intervals about x and y (axes defined in Figure SI .2). In each column the model is on the left and the corresponding simulation on the right. In coloured squares the approximated orientations found in the dynamical studies (refer to Figure   2 ) are highlighted as follows: with an orange square (60°, 45°) and (75°, 45°) an approximate orientation matching that of t=0 s; with a blue square (15°, 0°) an approximate orientation matching that of t=0.3 s; with a red square (30°, 45°) an approximate orientation matching that of t=2.1 s; with a green square (30°, 60°) and (45°, 60°) an approximate orientation matching that of t=4.8 s and t=9.3 s; and with a purple square (75°, 0°) an approximate orientation matching that of t=11.1 s. 
